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COMPLETE SPECIFICATION 

Improvements in or relating to the Diffusion Purification 

of Oases 



We, Engelhard Industries, Inc., of 113 
Astor Street, Newark, New Jersey, United 
States of America, a corporation organized 
under the laws of the States of Delaware, 
United States of America, do hereby declare 
the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment:— 

This invention relates to diffusion purifica- 
tion of gases and, particularly, to gas purifica- 
tion methods and apparatus utilizing the selec- 
tive diffusion properties of specific gases and 
materials employed as diffusion membranes. 
The invention is especially concerned with 
an improved process for the separation of a 
gas from a mixture of gases by means of the 
selective diffusion of such gas through thin 
diffusion foils. 

The method of separating hydrogen from 
gaseous mixtures and purifying hydrogen by 
permeation through thin non-porous metal 
barriers of palladium or palladium alloys is 
well known. A variety of techniques have 
been hitherto devised for effecting such pro- 
cesses. For example, it is known to use thin 
tubes of hydrogen-permeable metal as the 
barrier means, the hydrogen-containing gases 
being contacted with one side of such tubes 
and pure diffused hydrogen being removed 
from the other side. Generally, hydrogen 
diffusion processes are effected at elevated 
temperatures and conditions which establish 
a hydrogen pressure differential across the 
diffusion barrier. 

As an alternative to the use of thin metal 
tubes for diffusion separation and/or purifica- 
tion of hydrogen, techniques have been devised 
which employ thin sheets or foils of hydrogen- 
permeable metal. Procedures and apparatus 
have been disclosed in the art for positioning 
or disposing such thin metal filmy? 0 r foils in 
suitable diffusion apparatus, including means 
for reinforcing or supporting such thin films 
lPric*4s.6d.) 



and foils so as to make practicable operating 
pressure differentials across such foil barriers 
of the order of several hundred pounds per 
square inch. For example, U.S. patent No. 
1,174,631 of Snelling discloses the use of 
thin platinum or palladium sheets disposed or 
supported upon porous backing materials such 
as porous earthenware or "Alundum" (Regis- 
tered Trade Mark). Porous backings which are 
sandwiched between suitable Group Vm 
metal diffusion barriers are disclosed in U.S 
patent No. 2^58,391 of A. J. de Rosset. 

In general, foil type diffusers are assembled 
having one or more foils supported by a porous 
backing and sealed or gasketed around the 
peripheral edges of the foil to provide a leak- 
tight structure. Such diffusion apparatus is 
provided with inlet means for introducing 
hydrogen-containing feed gases to one side 
of the permeable foil or barrier, and outlet 
means for removing pure hydrogen which 
diffuses through the hydrogen-permeable 
barrier. 

Although foil type diffusers have not been 
widely used commercially in comparison with 
tube diffusers, they have important advantages 
over tube diffusers. One problem in the opera- 
tion of a foil-type diffuser is the difficulty 
in providing good gas mixing at the upstream 
gas surface. The present invention provides 
an improved method for such gas mixing 

The advantages of foil over tube diffusers 
include: (1) the possibility of operation with 
thinner diffusion membranes than tubes, e.g. 
1 mil thickness or even less as compared to 
reasonable life in the present state of the art 
only with tubes about 3 mils or more in wall 
thickness; and (2) more ready disassembly 
and repair of foil diffusers than tube diffusers, 
since the former are sealed with gaskets and 
the latter by welding or brazing. As diffusion 
is inversely proportional to membrane thick- 
ness, use of such thinner foils is superior to 
use of the thicker tubes in potentially provid- 
ing, for a given pure gas production, more 
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compact design, and requirement for smaller 
size of pressure equipment, as well as a 
major saving of expensive diffusion mem- 
brane material such as Pd. Thus, assum in g 
5 operation at the same pressure differential and 
temperature, a 1-mil thick foil diffuser re- 
quires only about a ninth as much metal as 
a 3 -mil wall tube diffuser. 
Foil-type diffusers of the aforementioned 

10 type may generally be stated to comprise one 
or more feed distribution zones, each of which 
zones is separated from a permeated gas 
collection zone by the permeable foil and its 
supporting structure. The combination of a 

15 feed distribution zone, a permeable barrier 
and a gas collection zone is for purposes 
hereof, referred to as a diffusion cell, and it 
should be understood that any particular 
diffusion apparatus will comprise one or more 

20 of such cells. The diffusion cell may be of any 
desired shape, e.g. rectangular or circular in 
cross section, and gas inlets and outlets can 
be provided at any convenient position. Gener- 
ally, the feed distribution zone is provided with 

25 gas inlet and gas outlet means suitably 
arranged so that the hydrogen^ontaining gas 
flows under the applied pressure parallel to 
the diffusion membrane. 

In the operation of such diffusion cells, it 

30 has been found that the unimpeded flow of 
feed gas through the feed distribution zone 
from a single feed gas inlet results in chan- 
neling of the feed gas along a linear path 
between the inlet and outlet ports, and pre- 

35 vents complete and uniform contacting of the 
feed gas with the entire surface area of the 
diffusion membrane. Stated otherwise, there 
are created in the feed distribution zone areas 
of stagnant or substantially stagnant gas which 

40 prevent contact of fresh feed gas with all of 
the exposed surface of the membrane and, as 
a result, the efficiency of separation of hydro- 
gen by permeation is substantially reduced 
below the theoretical available diffusion co- 

45 efficient of the permeable membrane surface 
in the cell. 

It is recognized that the degree of stag- 
nation of gaseous masses in the feed dis- 
tribution zone is, to some extent, dependent 

50 upon the particular geometry of the feed 
distribution zone, and upon the rate of flow 
of gas therethrough. For example, if this 
zone were made long and thin enough, mol- 
ecular motion of the gases might result in 

55 complete contact of all gas molecules with 
the membrane before the H 2 depleted gas is 
removed from the feed zone. Such is sub- 
stantially the effect obtained in a thin-walled 
tubular barrier. However, the requirement of 

60 adequate flow at practicable operating pressure 
to provide economic recovery as a function of 
area of diffusion metal employed prohibits 
design of thin film feed diffusion zones. 
Similarly, these disadvantages might be over- 

65 come to some extent by providing multiple 



inlet and outlet ports in each of the feed 
zones of the cell, so as to break up the stream- 
lined flow from a single inlet to a single 
outlet. The provision of such multiple con- 
nections for each distribution zone, with the 70 
attendant hazard of leakage, makes such a 
solution impracticable. 

According to the present invention there is 
provided an apparatus for separating hydrogen 
from a mixture of gases containing hydrogen, 75 
which comprises an inlet chamber and a 
diffused gas outlet chamber having an outlet 
for said diffused gas, said chambers being 
separated by a non-porous hydrogen-perme- 
able foil, said inlet chamber containing an inlet 80 
for said mixture of gases and an outlet for 
non-diffused gases of said mixture, and being 
provided with baffle means for directing the 
flow of said gaseous miture within said inlet 
chamber into contact with said foil. 85 

It has been found that the flow of feed 
gas through the feed distribution zones of a 
diffusion cell can be distributed by baffle 
means disposed within the feed distribution 
zone so as to utilize to a maximum the avail- 90 
able permeable foil diffusion surface. An 
important function of the baffle means of this 
invention is to repeatedly direct the flow of 
feed gas toward the foil concomitantly with 
intermittent back-mixing in order to prevent 95 
the formation of an undesirable hydrogen con- 
centration gradient normal to the plane of the 
foil. Thus the utilization of the feed gas is 
maximized. A s a result, the efficiency of the 
diffusion cell is enormously increased. 100 

In order that the invention may be more 
fully understood, two embodiments thereof 
will now be described, by way of example, 
with reference to the accompanying drawings, 
in which: — 105 

FIGURE 1 is an isometric view of one 
form of baffle structure suitable for the pur- 
poses described herein, 

FIGURE 2 is a cross sectional view of a 
diffusion cell employing baffle means, 110 

FIGURE 2a is a detailed cross sectional 
view of a part of the diffusion cell shown in 
FIGURE 2, 

FIGURE 3 is an isometric view of another 
form of baffle suitable for the purposes de- 115 
scribed herein, 

FIGURE 4 is a cross sectional view of a 
symetrical diffusion cell employing the baffle 
means of FIGURE 3, 

FIGURE 5 is an exploded view of the 120 
support pad described herein, 

FIGURE 6 is a top plan view of a support 
screen, and 

FIGURE 6a is a cross sectional view of 
a support pad. 125 

In the practice of the present invention, a 
diffusion cell is employed having a feed dis- 
tribution zone and a permeated gas collection 
zone. The feed distribution zone is provided 
with inlet and outlet means, and the collection 130 
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zone is provided with outlet means, and advan- 
tageously with inlet means also. The latter is 
useful in the event it is desired to pass a 
sweep gas through the gas collection zone to 
5 remove permeated hydrogen, and/or to reduce 
the hydrogen partial pressure on the down- 
stream side of the permeable membrane. 

Interposed between feed distribution zone 
and permeated gas collection zone of the 
10 diffusion cell is a supported thin foil of non- 
porous, hydrogen-permeable metal. It is well 
known that certain metals of Group VIII of 
the Periodic Table are permeable to hydrogen 
and substantially impermeable to other gases 
15 and any suitable H2 permeable metal known in 
the art may be employed. Thus, platinum, 
palladium, and alloys thereof have been 
hitherto employed for this purpose. Palladium 
and certain of its alloys, notably paUadium- 
20 silver alloys containing from 10 to 40% 
silver have been used commercially for hydr<£ 
gen purification by diffusion. Gold-palladium 
alloys, preferably containing from 20 to 40 
atom percent of gold, boron-palladium alloys, 
25 preferably containing from small amounts up 
to 10 atom per cent of boron, ternary alloys- 
such as Pd— Ag—Au and Pd— Ag— Rh, and 
even four component alloys such as 
^ Pd— Ag— Rh-— Ru have been proposed as 
30 suitable materials for fabrication of H. 
diffusion barriers. 

In order to obtain a reasonable rate of 
diffusion for commercial use, it is necessary 
to operate with very thin diffusion foils and/or 
35 to maintain a large pressure differential across 
the diffusion membrane. It is obvious that the 
thinner the membrane, the less the pressure 
differential that can be tolerated between the 
upstream and downstream sides of the mem- 
40 brane without collapse or rupture thereof. It 
has been found that the rate of increase in 
the resistance to flow of hydrogen through 
hydrogen-permeable membranes as the thick- 
ness of the membrane increases is greater than 
45 the rate of increase in flow through the mem- 
brane with increase in pressure to rupture 
of die part. As a result, an increase in the 
thickness of the membrane to permit use of 
higher pressure differentials is not ordinarily 
50 effective in increasing the rate of flow of gas 
by diffusion through the membrane. 

Consequently, and in order to achieve com- 
mercially useful flow rates in diffusion appar- 
atus, it has generally been found advantageous 
55 to employ thin foils of hydrogen-permeable 
metal disposed upon rigid supporting struc- 
tures. The present invention will be more 
fully described with reference to a diffusion 
^ c ^ u employing such supporting structure for 
60 the foil, but it should be understood that the 
invention is broadly applicable to improved 
operation of a diffusion cell having a foil 
membrane which is not so supported. For 
example, it is known to operate a diffusion 
65 cell having unsupported foil membranes 



wherein die pressure on each side of the mem- 
brane is equalized by means of stripper gas 
introduced on the downstream side of the cell, 
the amount of stripper gas being controlled 
to maintain the pressure differential across the 70 
membrane within the rupture limits of the 
metal foil The baffle means and method of 
operating with such baffle means as described 
herein may be advantageously used in such 
apparatus. J 75 

The particular structural feature of the 
present invention which provides exception- 
ally high rate of production from a diffusion 
cell of the aforementioned type is the pro- 
vision of a baffle in the feed distribution zone 80 
of the cell to break up the stream-line flow 
of feed gas across the diffusion barrier, and 
repeatedly to direct the gas flow into contact 
with the permeable membrane concomitantly 
with intermittent back-mixing. The particular 85 
shape of the baffle which is employed for this 
purpose is not critical, provided it serves to 
mix and distribute the feed gas throughout the 
feed distribution zone and to direct the flow 
of gas in general toward the foil surface. 90 
Obviously, the baffle will be of such overall 
dimensions as to conform to the entire foil 
surface, and may be of the size and shape as 
dictated by the configuration of the diffusion 
celL Thus, the baffle may be square or 95 
rectangular, in the case of cells having square 
or rectilinear configuration, or circular in 
shape to conform to the overall surface of 
the foil employed in a circular cell While 
the particular shape of the baffle is not critical, 100 
it has been found that certain embodiments 
thereof as set forth herein provide an advan- 
tageous gas flow pattern as set forth above 
and provide a remarkable increase in the 
efficiency of the diffusion foil. 105 

Where a sweep gas is used on the down- 
stream side of the foil to improve the efficiency 
of hydrogen diffusion through the foil, it may 
be advantageous to employ a similar baffle in 
the gas collection zone of the diffusion cell. 110 

Referring to FIGURE 1, there is shown in 
isometric projection a baffle structure which 
can be employed in the practice of the present 
invention. The baffle 11 is composed of a 
ridged metal member of circular cross section 115 
and having a corrugated structure consisting 
of alternate ridges 12 and valleys 13. As 
shown in FIGURE 1, each corrugation of the 
baffle is provided, on the side facing the inlet 
gas flow, with a series of openings 14, illus- 120 
trated as circular, but which may, of course, 
be of any desired shape or configuration, 
e.g., square or elliptical. 

In operation, the baffle is interposed in the 
feed distribution zone of a diffusion cell which 125 
is, for the purpose of illustration, shown in 
cross section in FIGURE 2. In this FIGURE, 
a diffusion cell is shown comprising a feed 
distribution zone 21 and a permeated gas 
collection zone 22, separated by diffusion 130 
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membrane 23. End plates 24 and 26, suitably 
boiled together by bolts (not shown) provide a 
pressure-tight system, each serving as one wall 
of the aforementioned zones. Feed gas is intro- 

5 duced into chamber 21 by inlet 27 in stain- 
less steel ring 28, which is provided with 
valved bleed 29. A similar ring 31 provided 
with H 2 outlet 32 serves to define the con- 
taining wall of the permeated gas collection 

10 zone 22. Each of rings 28 and 31 is in pres- 
sure-tight relationship to the end plates 24 
and 26, and foil 23, the pressure seal being 
provided by copper ring gaskets 33, 33a, 34 
and 34a, In the embodiment shown, gaskets 

15 33 and 33a are 0.025" copper rings, 
gasket 34 is 0.010" thickness, and 
34a is 0.005" thickness, but the 
particular thickness is not critical, and any 
suitable gasketing materials may be em- 

20 ployed for the purpose. 

As shown in FIGURE 2, gasket 34 is of 
slightly larger width than the wall of ring 28, 
and thus provides a support for baffle plate 36 
disposed within chamber 21 and resting upon 

25 the surface of gasket 34. Baffle plate 36 is 
fabricated as shown in FIGURE 1, and may 
be made of any material resistant to deteriora- 
tion under hydrogen pressure at elevated tem- 
perature. The baffle plate, supported as shown, 

30 provides a passage 37 for flow of gas along 
the surface of the membrane 23, and is of 
such dimension as to provide a similar clear- 
ance, eg., from 0.010" to 0.030" from end 
plate 24. Thus, as shown by the arrows, free 

35 flow of feed gas through, under and over the 
baffle plate is provided, the shape and con- 
figuration of the baffle being such as to pro- 
vide thorough mixing of gas in the feed dis- 
tribution zone, as well as to channel flow 

40 of gas into contact with, and across the surface 
of, the diffusion foil 23. By use of such baffle 
means, and as shown by the data provided 
in Example I hereof, substantially theoretical 
efficiency of the membrane is readily attained. 

45 In the construction of the diffusion cell, it 
has been found advantageous to avoid the 
sharp edge of the gasketing material at the 
surface of the thin membrane, particularly on 
the downstream side of the membrane. The 

50 presence of such a sharp edge has a cutting 
effect on the membrane, and is often found to 
result in tearing of the membrane. Conse- 
quently, the gasket 34a, as shown in FIGURE 
2a, is preferably feathered to a fine edge to 

55 provide a seal resistant to tearing. 

The embodiment of the present invention 
as shown in FIGURE 1 is useful in promoting 
hydrogen diffusion from gases introduced into 
a feed distribution zone bounded on only one 

60 side by a permeable foil. In practice, a diffusion 
cell ordinarily consists of a number of feed 
distribution zones and permeated gas collec- 
tion zones, assembled in sandwich construc- 
tion, each feed distribution zone being bounded 



on each side by a diffusion foil and associated 65 
gas collection zone. In employing the baffle 
arrangement of the present invention in such 
apparatus, it is advantageous to provide a 
baffle which directs feed gas flow into contact 
with both permeable foil members of the feed 70 
distribution zone. 

One embodiment of a suitable baffle for 
this purpose is shown in FIGURE 3. The 
baffle consists of a corrugated member 41 
having alternate ridges 42 and valleys 43. 75 

Referring to each corrugation there are 
shown a series of openings 44 at the bottom 
of each corrugtaion, and on the side toward 
the inlet gas flow. These openings are pro- 
vided with deflectors 45, bent substantially 80 
parallel to the opposite side of the corrugation 
and adapted to direct flow of gas which passes 
through the openings 44 toward the lower 
surface of the baffle, in the direction of the 
membrane on this side of the baffle plate. 85 
Similarly, the side of each corrugation oppo- 
site the direction of gas flow is provided with 
a series of openings 46, each provided with 
deflectors 47 which direct gas flow passing 
through the openings in an upward direction, 90 
toward the membrane on the upper side of 
the baffle plate. The openings on the upper 
and lower side of each corrugation are prefer- 
ably alternately disposed to avoid excessive 
channeling of gas flow. 95 

Referring to FIGURE 4, a cross section 
of the baffle plate of FIGURE 3 is shown 
as disposed in a feed distribution zone bounded 
on each side by a H 3 permeable membrane. 
The gas distribution zone 51 bounded by 100 
permeable membranes 52 and 53, is defined 
by stainless steel ring 54 with inlet 56 and 
bleed line 57. Suitable ring gaskets, of copper, 
silver, gold, or other material provide pres- 
sure-tight seal between ring 54 and the 105 
diffusion membranes. Baffle plate 58 is dis- 
posed within the chamber 51 and rests peri- 
pherally upon gasket 59 providing a passage 
6J[ for gas flow along the membrane surface. 
Suitably, gasket 59 is from 0.01" to 0.03" 110 
thickness, and the baffle plate of dimension 
to provide a similar gas passage 62 along 
the upper membrane 53. Openings 44 and 46 
and deflectors 45 and 47 correspond to the 
same numbered members of FIGURE 3. 115 
The solid arrows show the flow of gas in the 
plane of the section, the dotted arrows indicat- 
ing gas flow in a plane drawn behind the 
section. It will be noted that the baffle pro- 
vides a mixing of gas in the feed distribution 120 
zone, as well as a directing effect which 
brings the gas flow into intimate contact with 
the membrane surfaces. 

In the feed chambers for two-directional 
flow, the flow can be adjusted for greater 125 
uniformity over the total surface by controlling 
the hole size. For example, smaller holes may 
be used in the center region of the zone, and 
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larger holes toward the periphery. The de- 
flectors can be adjusted to obtain the desired 
degree of opening. 
The baffles employed in the practice of the 
5 present invention can be fabricated from any 
suitable metallic or other material, the only 
limitation being that the material be sufficiently 
rigid to mainta i n its shape and unreactive with 
hydrogen under the temperature conditions 
10 normally employed for diffusion. Thus, suit- 
able baffles can be fabricated, for example, 
from aluminium, magnesium, copper, and 
stainless steel. Stainless steel is preferred since 
it is strong, resistant to hydrogen attack, and 
15 readily fabricated to the desired shape. Non- 
metallic materials, for example, carbon, 
alumina and ceramic can be used for fabrica- 
tion of the baffle. 
The baffle may be constructed in the form 
20 of a perforated or porous sheet, or it can be 
a mesh screen modified to a suitable shape. 

As set forth herein, the hydrogen-permeable 
foil is generally supported upon a metallic 
supporting structure to provide rigidity to the 
25 foil and sufficient strength to withstand the 
useful differential pressures across the diffusion 
barrier. Such supports are generally fabricated 
of a porous material, thus permitting removal 
of diffused hydrogen from die recovery zone 
30 of the diffusion cell. Suitable supports have 
been disclosed in the prior art, e.g., supports 
of porous alumina as described in Snelling 
U.S. patent 1,174,681, and porous sintered 
metal matrices such as disclosed in de Rosset 
35 U.S. Patent 2,824,620. 

A particularly useful support for the prac- 
tice of the present invention comprises a wire 
mesh sandwich structure. 
Such a support, in a preferred embodiment, 
40 is fabricated from a plurality of coarse mesh 
metal screens, e.g., 3 to 6 mesh screens, which 
are superimposed upon each other, the mesh 
layers being wired or brazed together to form 
a rigid supporting structure. The coarse mesh 
45 screen provides a simple, strong and effective 
3-dimensional channel system providing a 
porous network through which diffused hydro- 
gen readily flows on the downstream side of 
the foil barrier. 
50 In the utilization of such a coarse mesh 
screen, it has been found essential to super- 
impose on the coarse mesh a finer mesh 
metal screen with which the foil is placed 
in direct contact (See our copending Applica- 
55 tion No. 9265/64 [Serial No. 1,032,131]). It 
has been found that the mesh size of this 
supporting screen is somewhat critical, since 
when the supporting screen openings are too 
small, the foil wrinkles and breaks during 
60 operation. At pressures differentials of from 
25 to 250 psi, a supporting screen of 16—32 
mesh, preferably about 24 mesh can be used 
in a weave which will provide from 30— 60V 
open area. Preferably from 40—50% of open 
65 area is used. Surprisingly, it has been found 



that the use of screen of the indicated mesh 
size produces a dimpling effect as the foil is 
pressed against the support, and that the 
hydrogen absorbed by the fofl, while normally 
causing expansion and cracking of the foil, 70 
causes expansion of the dimples in the foil 
without breakage. Advantageously, the foil- 
supporting side of the mesh is flattened, as by 
rolling, to avoid sharp creases at the top of 
each mesh wire. It has been found that inter- 75 
posing of a fine mesh screen, e.g. of 72 mesh, 
between the surface mesh and coarse support- 
ing mesh, provides further cushioning effect 
of the dimples formed in the metal foil, and 
further prolongs the life of the diffusion foil. SO 

Referring to FIGURE 5, there is shown an 
exploded view of a stainless steel wire screen 
support pad of the type described above. In 
the embodiment shown, three wire mesh mem- 
bers, 71, of 4-mesh stainless steel wire form 85 
the main supporting structure. Optionally, a 
somewhat finer mesh screen, 72, of 16-mesh, 
is provided as a support for a very fine, mesh 
member 73, of about 72-mesh. Preferably, 
this member is rolled to provide a flattened 90 
surface upon which is supported a half, rolled 
and cup-shaped mesh member 74, of 16—32 
Preferably 24 mesh, as shown in the 
FIGURE. The diffusion foil is directly sup- 
ported upon the flattened surface of this 95 
member. In order to avoid damage by the 
ends of the wire of which the member is 
constructed, the mesh is turned down as shown 
at 76. The surface of screen 74 is shown in 
detail in FIGURE 6 and 6a, the flattening 100 
being obtained, for example, by passing the 
mesh, together with a soft gasketing material, 
through a two-roll mill under adequate pres- 
sure to obtain the desired flattening. The 
entire assembly shown in FIGURE 5, suitably 105 
assembled into a rigid assembly as by braz- 
ing, welding or wiring the supporting screens 
to each other is inserted into the diffused gas 
collection zone of a diffusion cell. The 
assembled supporting structure is properly 110 
dimensioned and fitted into the chamber so as 
to provide the necessary support for the foils. 

Example I 

In order to demonstrate the advantage of 
employing a baffle in the feed distribution zone 115 
of a hydrogen diffusion cell, apparatus of the 
type illustrated in FIGURE 2, but having two 
feed distribution zones containing unsym- 
metrical baffles, was employed for the separa- 
?°° of hydrogen from a mixture of 50% H 2 120 
m N 2 . Two foils consisting of a total of 330 
™ ° f an alloy comprising 75 parts by weight 
of Pd and 25 parts by weight of Ag was used 
in idie apparatus. In Run 1 in the following 
Table I, operation was effected in the absence 125 
of baffles while, in Run 2, a baffle of the type 
shown . in FIGURE 1 was inserted into the 
feed distribution zones. 

In the Table, the recovery factor (r) is 
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determined as the ratio of pure H 2 out/H = in 
x J00, and is found by analysis of the input 
gas and bleed gas and measurement of the rate 
of gas flow out of die feed distribution zone 
and out of the recovery zone. 

In order to determine the efficiency of the 
separation, an Efficiency factor was calculated 
as the ratio of actual recovery to theoretical 
recovery, where the theoretical recovery factor 
is calculated from the measured permeability 
with pure hydrogen, taking into account the 
decrease in the partial pressure of hydrogen 
upstream of the foil, on the basis of mis 
correlation: 



This formula follows a permeability re- 15 
lationship of Borelius and Lindblom, Ann. 
Phys., Lpz. 82, 201 (1927) derived from an 
earlier formula of A. Sieverts for the solubility 
of H 3 in metal. The subject is discussed in 
diffusion in and through Solids" by Richard 20 
At Barrer (1941) on page 171. 

The given equation for dr in combination 
with two material balance equations, for total 
gas flow and for hydrogen flow, is developed 
to give the theoretical recovery factor of 25 
Table I, 



dr=. 



FA 



(Pc 5 xi-PD S ) <*A 



F 0 : total flow in 

Xo : hydrogen mol fraction in feed gas 

x : hydrogen mol fraction upstream 

P r : pressure upstream 

P p : pressure downstream 

K' : permeability constant at constant tern 

perature and foil thickness 
A : Area 

r : recovery factor, pure H 3 out/H : 
Efficiency = actual/theor. 
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It will be noted that the efficiency in each 
case was about 90% or better. At any given 
pressure, the efficiency shows a slight decrease 
with increased flow rates, as might be expected 

5 since the contact time decreases. An increase 
of over 300% in flow rate (at 100 Ap), how- 
ever, resulted in relatively minor reduction of 
efficiency. In the absence of a baffle in the 
feed distribution zone, substantially lower 

10 efficiencies, similar to that shown in Run No. 1 
are obtained 
WHAT WE CLAIM IS:— 
1. An apparatus for separating hydrogen 
from a mixture of gases containing hydrogen, 

15 which comprises an inlet chamber and a 
diffused gas outlet chamber having an outlet 
for said diffused gas, said chambers being 
separated by a non-porous hydrogen-perme- 
able foil, said inlet chamber containing an 

20 inlet for said mixture of gases and an outlet 
for non-diffused gases of said mixture, and 
being provided with baffle means for directing 
the flow of said gaseous mixture within said 
inlet chamber into contact with said foil. 

25 2. An apparatus according to Claim 1, 
wherein said baffle means comprises a corru- 
gated structure provided with discrete open- 
ings in one side of each corrugation. 
3. An apparatus according to Claim J, 

30 wherein the baffle means comprises a corru- 



gated structure provided with discrete openings 
in each side of the corrugations. 

4. An apparatus according to Claim 2 or 
3, wherein each said opening has associated 
therewith deflector means for directing gas 35 
flow towards said foil. 

5. An apparatus according to any preceding 
c l a im, wherein said baffle means is supported 
in spaced relationship from the foil. 

6. An apparatus according to any preced- 40 
ing claim, and comprising a plurality of inlet 
chambers, each having inlet and outlet means 
and each being separated from the diffused 

gas chamber by a non-porous hydrogen- 
permeable foil, baffle means being disposed 45 
within each of said inlet chambers to direct 
the flow of gas within each chamber into con- 
tact with said foil(s). 

7. An apparatus for separating hydrogen 
from a mixture of gases containing hydrogen, 50 
substantially as hereinbefore described with 
reference to, and as shown in, Figures 1, 2 
and 2a or Figures 3 and 4 of the accom- 
panying 
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COMPLETE SPECIFICATION 



This drawing is a reproduction of 
the Original on a reduced scale. 
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FIG. 6a 




